Background. The aim of this study was to establish the association of maternal, family, and contextual correlates of anthropometric typologies at the household level in Colombia using 2005 Demographic Health Survey (DHS/ENDS) data.
Introduction
The nutrition transition was originally described by Popkin as the process in which countries experience a shift in their nutrition and physical activity habits, ultimately resulting in a higher prevalence of diet-related non-communicable diseases such as obesity and diabetes [1] . Popkin proposed three stages depicting the nutrition transition, including receding famine, degenerative disease, and behavioral change. The second stage (degenerative diseases) includes a period where diets are mainly derived from animal source foods with higher intakes of vegetable oils, saturated fats, refined sugar and artificial sweeteners, and higher reliance on production and consumption of foods outside the home, coupled with reduced levels of physical activity. Most countries in Latin America including Colombia, are undergoing the second stage of the nutrition transition, where a large proportion of the nutritional intake comes from edible oils, caloric sweeteners, and animal source foods, combined with a high prevalence of physical inactivity [2] . In this sense, Colombia is still battling both communicable and non-communicable diseases and is faced with the problems of resource allocation and an appropriate design of programs and interventions that will tackle both spectrums of these conditions. This is not an easy task when problems are localized in the same community, let alone in the same household. Thus, it is important to develop appropriate studies capable of classifying the population based on regular surveillance. Currently, many of the anthropometric indicators and measures at the household level focus on the mother-children dyad; but do not take into account information from all of the children under 5. This is of particular relevance for the households of the lowest wealth index category, where the average number of children under 5 years of age is 2.9 v. 1.8 for the highest wealth index, and 2.1 for the middle wealth index [3] . For this reason, we developed an anthropometric typology indicator that takes into account information from the mother and all of her children under 5. The accumulating evidence from Latin America on the coexistence of stunting and overweight also known as the dual burden of malnutrition [4] , among various members of the same household including mother and children, [5] [6] [7] [8] further justifies the use of our anthropometric typology indicator. Prior studies from the region focusing on the dual burden of malnutrition have mostly used a dyad analysis that considers the mother and either the younger or the oldest child under 5 years of age [9, 10] .
Moreover, the coexistence of both expressions of malnutrition at the household level suggests the presence of common risk factors and similar causal mechanisms related to the main determinants of the nutrition transition, namely, diet, physical activity, social, and cultural environments. When both undernutrition and overweight coexist in the same contextual factors (family), this provides an indication of related behaviors or risk factors. However, the majority of studies looking at the nutritional outcomes of the population have exclusively focused on the proximal determinants, in particular on family and maternal characteristics. Only a few studies have taken a multilevel approach to understand the influence of social and community characteristics on family nutritional status [11] [12] [13] . In Colombia, there is a large variation of the social and economic conditions of the municipalities and states of the country. The national GINI coefficient was estimated at 0.538 in 2014 [14, 15] indicating a serious problem of income misdistribution. Paradoxically, many of the regions with some of the worst social and health indicators are areas of the country receiving a large amount of revenue from multinational corporations exploiting and exploring non-renewable resources such as oil, coal, and gold [16] . It is important to determine if any association exists between social and economic municipal-and state-level indicators and the nutritional status of the population. Since within municipality and state variations are expected both in the outcome and independent indicators, the use of national averages is not recommended. Previous studies conducted in the area of the nutrition transition and the dual burden [13] have mostly used nationallevel indicators such as GDP [17] but none have focused on exploring specific municipal-and state-level indicators.
This study will provide a novel examination of the correlates of malnutrition at the household, municipal, and state level, exploring its association with various anthropometric typologies at the household level, including the dual burden of malnutrition. To date, most studies in this area have documented national-level prevalence or have focused on a specific region within a country. Therefore, the aim of this study was to establish the association of maternal, family, and contextual correlates of anthropometric typologies at the household level in Colombia.
Methods

Data description
This study is a secondary data analysis of the 2005 Demographic Health Survey (DHS/ENDS) from Colombia [3, 18] . DHS/ENDS is a cross-sectional, nationally representative sample of Colombia. The data set included information from children 0-5 years old and their mother aged 18-49 years old (excluding pregnant women and homes with more than one eligible mother). Only cases that had complete information in all family, municipal, and state variables were included; thus, only data from 8300 households were used, excluding a total of 298 households.
Multilevel models allow accounting for the heterogeneity at the state and municipal level and have the unique capacity to address different levels of influence of both upstream and downstream determinants [19] . The increasing recognition of social and physical environmental influences on malnutrition justifies the use of multilevel approaches in this study. Hierarchical non-linear models were selected as they are useful in predicting associations between variables that have an ecological framework with determinants at different levels [20] . GDP growth was selected due to evidence indicating that rapid economic growth is associated with increasing overweight [21] . Other economic development proxy indicators such as living conditions index and royalties, as well as inequality indicators such as unmet basic needs and higher density were selected, given evidence of association with various nutritional outcomes [17, 22] .
Municipal and state indicators were obtained from the SIGOT (Geographic Information System for Territorial Planning; in Spanish: Sistema de Informacion Geografica para la planeacion y el Ordenamiento Territorial) information system (http://sigotn.igac.gov.co/sigotn/). SIGOT is a publicly available resource with geo-referenced information containing social, health, and economic indicators of the country, the states and the municipalities of Colombia. Institutional Review Board approval for the analyses conducted in this study was not deemed necessary since there were no personal identifiers linking the data to individuals.
Measures and variables
Weight and height were measured directly by trained staff contracted by the DHS/ENDS survey, using standardized measuring equipment. Weight was measured to the nearest 1.0 kg with participants wearing light clothing and without shoes using a digital weighing scale [23] . Height was measured to the nearest 1.0 cm using a portable stadiometer [24] . Length was measured in children under 2 years old in a prone position and height (in standing position) for children aged 2 years and older.
Dependent variables
Nutritional status of children: First, all children 0-5 years from eligible households were classified according to HAZ (height for age z-score) to assess stunting (HAZ < −2 S.D.). Overweight and obesity in children was determined using a cut point of >2 S.D. for body mass index -for age z-score (BMIz) according to the WHO guidelines [25] .
Nutritional status of mother: BMI was determined using WHO cutoff points, underweight (BMI < 18.5 kg/m 2 ), overweight (>25 kg/m 2 ), and obese (>30 kg/m 2 ). The categories of overweight and obese were merged.
Four mutually exclusive categories were developed based on children aged 0-5 years old and maternal nutritional status. To derive these categories, 19 possible combinations of anthropometric status were obtained and were grouped according to the most prevalent distribution within the category, for example, the underweight category is composed of the following potential combinations: (1) underweight mother and all children stunted (0% prevalence), (2) underweight mother and all children normal (3.4% prevalence), (3) underweight mother and at least one stunted child the rest are normal (0.07% prevalence), (4) normal mother and all children stunted (0% prevalence), (5) normal mother and at least one stunted child the remaining are normal (9.3% prevalence). More information about how these categories were constructed, the prevalence of the possible combinations, and how they were grouped can be found elsewhere [26] .
• Normal households: No stunting or obesity among any of the children and the mother has a normal BMI.
• Underweight households: At least one child is stunted, the remaining children can be normal, and the mother is underweight.
• Overweight households: At least one child is obese, the remaining children can be normal, and mother is overweight or obese, or normal.
• Dual burden households: At least one child is stunted, the remaining children can be normal, and the mother is overweight or obese.
Independent variables
Several maternal and family characteristics obtained from DHS/ENDS 2005 were included in this study such as maternal age, maternal education, and wealth index. Additional variables at the municipal and state level included municipal density, municipal living conditions index, municipal royalties (revenue received by the municipality from license agreements with multinational corporations to exploit and explore non-renewable resources such as oil, coal, and gold), state gross domestic product, and state unmet basic needs, and were obtained from the SIGOT data set for the year 2005. The operational definitions and classifications for each of the variables can be found in Table 1 .
Data analysis
The DHS/ENDS 2005 and SIGOT data sets were merged using unique municipality and state identifiers in order to obtain one single data set containing all the variables needed for the study. Municipal and state variables were appended to each row of family information. Multi-collinearity between variables was assessed calculating variance inflation factors (VIF) and correlation coefficients. None of the variables included in the model presented correlation coefficients higher than 0.6 or VIF values higher than 3.2. A p value of <0.1 was used to determine marginal statistical significance, and a p value of <0.05 was used to determine statistical significance. Observations with missing information or implausible values on the outcome, exposure, or any covariate (previously described) were excluded from the analyses. Four three-level hierarchical polytomous logistic models were developed. These models had household anthropometric typology as the outcome variable, using normal households as the reference category, and predicting the log odds of belonging to any of the remaining typologies, namely, overweight, underweight, and dual burden. The predictors included in the models at level 1 were mother's parity, maternal age, maternal education level, and wealth index; at level 2 were municipal living conditions index, municipal royalties, and municipal density; and at level 3, state unmet basic needs and gross domestic product growth. Slopes at all levels were assumed to be constant to improve statistic efficiency. No cross-level interactions were allowed in the model, meaning that state-and municipal-level variables are allowed to affect only the intercept. This approach was selected because the group average for the dependent variable was assumed to be equal in each group. The random coefficients fixed intercept model also allows for calculating the intra class correlation coefficient (ICC) that estimates the contribution of each variable level to the variance explained. ICC was calculated by dividing the estimated proportion of group-level variance by the estimated total variance. STATA 9 and HLM version 7.2 were used for analyses. ArcGIS 9.3 software was used to create a series of maps to document the prevalence of the various anthropometric typologies explored in this study (undernutrition, overweight, and dual burden households) by state characteristics including unmet basic needs and gross domestic product.
Results
Descriptive characteristics of the sample and municipal and state indicators are shown in [26] . A description of the distribution of household, municipal, and state characteristics by the household anthropometric typology can be seen in Table 3 (included as a Supplementary file).
Overweight households
Regarding maternal characteristics, maternal education and maternal age were associated with the overweight household typology in all three models, and remained significant even after including municipal-and state-level indicators in the model. Maternal age categories of 31-39 years (OR 1.9, 95% CI 1.6-2.0) and 40-49 years (OR 2.3, 95% CI 1.8-2.9) were positively associated with the overweight typology compared with normal households. The poor (OR 0.8, 95% CI 0.6-0.8) category of wealth index was negatively associated with the likelihood of being classified in the overweight category v. normal category. Regarding municipal indicators, living conditions index and municipal density were associated with the prevalence of overweight households even after adjusting for state-level variables in the model. High (OR 1.5, 95% CI 1.1-2.0) living conditions index was associated with higher odds of overweight v. normal households. Municipalities with high levels of density (OR 0.6, 95% CI 0.4-0.8) were associated with lower odds of overweight. None of the state-level indicators were statistically associated with the overweight typology (Table 4) .
Underweight households
Regarding maternal and family characteristics, parity, maternal education, maternal age, and wealth index were associated with the underweight anthropometric typology in all three models, and remained significant even after including municipal-and state-level indicators in the model. Maternal parity of more than three children (OR 1.8, 95% CI 1.4-2.2) was associated with higher odds of underweight. (Table 4) .
Dual burden households
Regarding maternal and family characteristics, parity, maternal education, maternal age, and wealth index were associated with the dual burden anthropometric typology in all three models, and remained significant even after including municipal-and state-level indicators in the model. Maternal parity of more than three children (OR 2.3, 95% CI 1.8-2.9) was associated with a higher likelihood of dual burden. Having maternal elementary education (OR 2.0, 95% CI 1.5-2.6) and no formal education (OR 2.5, 95% CI 1.5-3.9) were associated with higher odds of dual burden compared with normal households. The middle (OR 1.7, 95% CI 1.2-2.3) and poor (OR 2.1, 95% CI 1.4-2.9) categories of wealth index were positively associated with the likelihood of being classified as a dual burden household v. normal.
Only the municipal indicators of royalties and density were correlated with the dual burden typology, although this association was marginally significant. Municipalities in the middle range for royalties had a significantly lower likelihood of being classified as a dual burden v. normal households. Municipalities with middle levels of density were associated with a higher likelihood of dual burden v. normal households. None of the state-level indicators were statistically associated with the dual burden typology (Table 4) .
Variance components
Twenty-nine percent of the variance within families in the category of underweight is explained by family variables, 15% by municipal variables, and 1.6% by state variables. Regarding the category of overweight/obesity, 26% of the variance within families is explained by family variables, 6.2% is explained by municipal variables, and only 2% by state variables. Seventeen percent of the variance within families in the category of dual burden is explained by family variables, 4.2% is explained by municipal variables, and 2.7% by state variables. a Living conditions index: quantifies and characterizes living conditions of low-income and not low-income people, also considering poverty. Includes variables related with public utilities, assets, and head of household's perception of living conditions. b Royalties: (received royalties/total income) × 100 (percentage). c Density: total number of inhabitants/municipal area in square meters. d Unmet basic needs: percentage of the population with at least one unmet basic need (one or more) deemed necessary to survive in a society. Captures infrastructure conditions and is complemented with indicators of economic dependence and educational assistance. e State gross domestic product: indicator that measures the productivity of the residents belonging to a particular region. Indicates the rate of growth of GDP in percent compared with the previous year. 
Discussion
This study found that several household (maternal and family) characteristics are associated with various anthropometric typologies at the household level, namely, overweight, underweight, and the dual burden of malnutrition. Municipal indicators were associated to a lesser degree, and only three of them were found to be significant in the fully adjusted models; high living conditions index and high density were associated with the overweight typology; and middle royalties were associated with the underweight typology. No associations were detected for state indicators. Higher maternal parity was positively associated with both the underweight and the dual burden typology; this is a seemingly paradoxical association given that a dual burden household includes an overweight mother. However, there has been evidence showing that high parity is associated with both maternal underweight and overweight and this relationship seems to be mediated by family income level and other economic characteristics of the region [27] [28] [29] . The fact that parity was associated with both the underweight and dual burden typologies, independent of wealth index and maternal education, suggest that there are other underlying factors at play, which were not captured by this study, and the topic warrants further exploration.
The average number of years for maternal education was 8 years, which is barely beyond elementary school. Nonformal and only elementary maternal education was associated with a higher prevalence of overweight, underweight, and dual burden households. Given the importance of maternal education in improving the nutritional status of the family [30] , it is important to improve the degree and quality of education among Colombian women [12] . In addition, the positive direction of association for the overweight typology with elementary maternal education and the negative direction of association with wealth index show that both variables are capturing different aspects and clusters of risk factors. Both wealth index and maternal education should be considered when developing studies of family nutritional status as well as when developing programs and policies to address malnutrition.
A high index of municipal living conditions was positively correlated with the prevalence of overweight households. This finding highlights the fact that Colombia is in the midst of a nutrition transition where overweight is still more prevalent among higher socioeconomic conditions [26] . Municipal royalties were correlated with the underweight nutrition typology. A high range of municipal royalties (58.9-74.9% of municipal income derived from royalties) was associated with a lower likelihood of underweight. This association could point to a good use of economic resources by the municipalities; however, due to the cross-sectional nature of this study, no conclusions can be drawn in this regard and more detailed research on this topic is granted.
Finally, a higher level of municipal density (228.94-13 687.06 inhabitants/municipal m 2 ) was associated with a lower likelihood of overweight households. This could perhaps point to the fact that highly dense areas are more walkable and they imply more energy expenditure [31] . Density can act as a proxy for urbanization level, in this sense, higher density may equal highly urbanized areas and thus greater opportunities for physical activity; in particular transportation related, which may in turn reduce the likelihood of overweight. However, these are only hypotheses, and again due to the cross-sectional nature of this study, more research is needed to be able to make final conclusions.
Some limitations from this study should be noted. First, the use of secondary data analysis limits the reach of our results due to issues such as social desirability of responses, measurement errors, and the inability to obtain additional information from the respondents. In addition, there is also the possibility of misalignment with the original hypotheses and thus the design of study as it relates to the explorations from this analysis. Secondary analysis of large data sets can present challenges related to the lack of clarity about the organization of the variables; this limitation was reduced by working closely with the statisticians who developed the actual surveys and the sampling strategy. In addition, the information regarding the municipal and state indicators was obtained from a different data set that was not linked to the household information from ENSIN, and it was merged solely based on the information from the reported municipality or state of residence and as such, misclassification could have occurred. In most cases, only the middle categories of all municipal indicators were associated or borderline associated with both the underweight and the dual burden typologies, if at all, with no associations for the highest categories. Unfortunately we are unable to specifically pinpoint as to why this might have been the case. This may be due in part to the quality of the data, which may have lacked specificity or that the number of observations limited the power to detect meaningful differences. In addition, since our specific set of anthropometric typologies in some cases combines households with both overweight and normal weight mothers, as in the overweight household category, the sensitivity of analyses to capture associations could have been affected. Finally, this is a crosssectional analysis, and no conclusions about temporality of associations can be drawn.
Even with these limitations, results from this study show that it is important to explore nutritional outcomes with the use of multilevel models that allow for including important contextual variables of the municipality as well as family and maternal correlates while exploring a household-level outcome variable such as anthropometric typologies in the case of this study. The addition of state-level variables and most of the municipal variables did not contribute in explaining differences in the anthropometric typologies; however, this does not mean that state or municipal indicators are not important and could still have an important role on the clustering of responses; however, further research on this topic should be carried out.
This paper contributes to the scarce but growing evidence about the nutrition transition and the dual burden of malnutrition in Colombia, and it provides important information of public health relevance regarding the various correlates of previously identified nutrition typologies in the country [26] . Evidence from Colombia and other middleincome countries highlights the key role of maternal education and income (proximal determinants) for children's adequate nutritional status.
